Geomagnetic field observations are planned and started in the Ocean Hemisphere Network Project. A new magnetometer system suitable for on-land long-term observations in remote places in the Pacific area are designed. Performance and characteristics of the magnetometers are examined through test observations, which revealed that magnetic field variation due to temperature change of the fluxgate sensor unit is the major cause for inaccuracy in three components. Analysis of test observation data indicated that the temperature induced variations can be removed using a simple two-coefficient filter. A conservative expectation of absolute accuracy is 10 nT or less if proper temperature correction and once-a-year absolute measurement at each OHP station are carried out. Distributions of the OHP geomagnetic stations to obtain better geomagnetic field model are examined. It was found that establishing about 10 geomagnetic stations in the Pacific will greatly improve the geomagnetic field models, and will facilitate the study of geomagnetic field distribution and variation in the Pacific. The concept of the design of the OHP magnetometer system may be applied to long-term ocean bottom magnetic observation, which is another way to cover the Earth by geomagnetic stations.
Introduction
Geomagnetic field data provide us unique and direct information on the magnetohydrodynamics in the earth's outer core. The deep electrical conductivity structure in the mantle can be determined by using the relationship between the external and internal parts of geomagnetic field variations through geomagnetic induction (Banks, 1969; Achache et al., 1981) . Only long-term, continuous, and stable geomagnetic observatories can afford data for these kinds of investigations. In these studies, distribution of global geomagnetic observatories directly affects the quality of analyses. Spatially uniform and dense network of geomagnetic observatories is necessary to have an accurate estimation of spherical harmonic coefficients, which is employed for many of global scale geomagnetic field analyses (Langel, 1987) . A number of workers have pointed out the difficulties due to the uneven distribution of observatories between the northern and southern hemispheres, between the land and ocean areas, and so on, for many years (e.g., Langel et al., 1995) . This paper aims to discuss one of the possible approaches to attain better configuration of geomagnetic observatory network.
The Ocean Hemisphere Network Project (OHP) is a Japanese five-year project to construct a network of geophysical observatories consisting of seismic, geodetic and geomagnetic components to carry out long-term observations in the hemisphere centered by the Pacific. The OHP aims to obtain a new image of the earth's deep interior by filling the large gap of geophysical observations in the Pacific (Fukao, 1997; also, special 
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vol. 50, Nos. 11-12, 1998) . The electromagnetic component of the OHP is composed of three major elements; development of ocean bottom geomagnetic observatory system (Toh et al., 1998) , long-term geomagnetic observations on land, and observation of the earth's electric field by using a submarine cable network (Shimizu et al., 1998) . Major concern of this paper is paid to the geomagnetic observations on land. Although ocean bottom observatory is undoubtedly needed, observatory distribution will be greatly improved by installing magnetometers on islands in the Pacific.
Our effort may be comparable to INTERMAGNET (1994) in a sense. However, the magnetometer system that we are going to install is designed based on a different concept from that of INTERMAGNET. As shown in Section 2, the system is highly automated.
Magnetic field data taken at OHP geomagnetic stations will be open to public starting year 2,000. The data will be stored in HD in the Earthquake Research Institute, University of Tokyo, and anyone will be able to access the data via internet. Observations at the OHP geomagnetic stations will be continued at least five years after the OHP finishes. Moreover, it is planned to keep operating the stations for much longer time, say, more than ten years, to enable us to discuss short term secular variations in the Pacific region although secular variation is believed to be rather low in the region (e.g., Bloxham and Gubbins, 1985) .
This paper tries to answer the question to what extent the OHP geomagnetic observatory in the Pacific islands improves our knowledge on the spatial and temporal characteristics of the geomagnetic field in the region, supposing that continuous data are obtained for decades of period. Performance of the magnetometer system used in the OHP will be Fig. 1 . Configuration of the OHP magnetometer system (above) and description of the main and power supply units (below). The geomagnetic total intensity is measured by a proton magnetometer. Its sensor is mounted on an aluminum pillar at about 2 m above the ground level. Measurement is done every minute. Geomagnetic three components are measured by a fluxgate magnetometer. Its sensor is buried about 1 m deep in the soil to avoid severe temperature variations. Measurement is done every second. Both total intensity and three component signal are transmitted to the main unit. Main and power supply units should be installed in a building.
described in Sections 2 and 3. Descriptions of characteristics of the magnetometer itself (resolution, precision, frequency response, etc.) are not enough for the present purpose because other factors (easiness of operation, simple configuration of the circuits, mechanical toughness, and so on) are thought to be equally or more important to maintain a longterm array observation. After considering all the possible factors, the final design was determined to be a combination of a proton magnetometer to measure the total intensity and a fluxgate magnetometer to measure time variation of the three components as will be described in the following section. Since temperature variation is regarded as the dominant factor for baseline drift of the fluxgate magnetometer, we tried to parameterize the effect and to find a method of quantitative correction. In Section 4, we attempt to decide an ideal site distribution to be installed during the project years. A simple numerical experiment will be made to show how it improves the model of the geomagnetic field and its time variation in the Pacific by adding data from the OHP sites, if such a site distribution is realized. Summary and discussion are given in Section 5. Figure 1 shows the configuration of a magnetometer system used in the OHP, hereafter referred to the OHP magnetometer. This system enables us to measure long-term variation of the three-component geomagnetic field together with the total intensity, as well as short-period fluctuations such as the geomagnetic micropulsations. As shown in Table 1, specification of this magnetometer satisfies most of the requirements involved in the INTERMAGNET standard, which aims baseline controlled geomagnetic observations. It is also compatible with the magnetometer used in the 210 MM (Yumoto et al., 1996) that is a global array to measure the rapid changes in three components. The system consists of a proton magnetometer, a 3-component fluxgate magnetometer, a controlling and recording units, a power supply unit, and a GPS clock (Fig. 1) . The proton magnetometer measures the geomagnetic total intensity every minute with a resolution 0.1 nT, while the fluxgate magnetometer measures three components every second with a resolution 0.01 nT. Controlled by a palm-top computer, the observed values are recorded in a ZIP disk of 100 MB capacity. The computer is also equipped with an output either by RS232-C or by Ethernet so that on-line telemetry is possible. The clock signal is always synchronized to the GPS signal within an accuracy of 1 msec. As shown in Fig. 1 , the measuring and controlling units are connected by a communication cable. The analog circuits are built in a water proof container so that they can be either put on the ground or buried in the soil. The communication cable can be extended as long as 200 m, which enables us to put the measuring units sufficiently away from the possible noise sources.
System Configuration of the OHP Magnetometer
The whole system is fed by an AC power supply unit with a backup by two 12 V car batteries. If each battery has capacity of 30 Ah, the power unit can supply for more than 24 hours in case of an AC power break. In case of longer power breaks, the measurement will be temporarily terminated until recovery of the AC power. The measurement automatically restarts when the AC power is recovered, and no manual operations nor adjustments are needed even for clock, as it is synchronized to the GPS signal. Manual operation is necessary only at the time of changing disks. This is a simple key operation so that the system can be maintained even by a person without a high technical background. Each 100 MB Zip disk can record about 50 days of data.
So far as the observation of rapid variations is concerned, there seem to be no significant problems to be discussed here. In contrast, we have to pay the most attention to the baseline drift in three components to make discussions of slow variations of geomagnetic field possible. The INTERMAGNET standard requires an absolute measurement every week to control each baseline. However, it is not realistic to require such a routine work in the OHP. Instead of doing frequent absolute measurements for the baseline control, we tried to minimize the drift of the fluxgate magnetometer by better designing of the instrument, so that once-a-year absolute measurement is sufficient to sustain the absolute accuracy of the observation.
Absolute measurements at the OHP stations are/will be made in a similar manner employed by a number of magnetic observatories. Total intensity is measured using proton magnetometer, and declination and inclination are observed using fluxgate theodolite (e.g., Forbes, 1987) . Baseline values of horizontal intensity, declination, and vertical component are determined comparing the result of the absolute measurements and output of fluxgate magnetometer during the absolute measurement.
The baseline drift is generally supposed to be due to two major causes, i.e., temperature change of fluxgate sensor and a tilting of the sensor basement. Therefore the sensor is designed to be buried about one meter deep in the soil to suppress the temperature change, and the three-axis fluxgate sensor is mounted on gimbals so that gradual tilting of the sensor basement does not cause a drift. As shown in the next section, soil of 1 m thick can insulate the daily temperature change, but changes of longer time scales will cause a longterm drift. In order to correct such a drift, temperature of the sensor unit is measured with a thermometer, with resolution 0.01
• C, in the sensor container. In the next section, we will present a result of test measurement to determine the temperature coefficients of three components of the OHP magnetometers.
Temperature Dependence of the Fluxgate Sensor and Expected Absolute Accuracy of the OHP Magnetometers
The magnetic field values measured using fluxgate magnetometer systems are usually affected by the environmental temperature (e.g., Trigg et al., 1971; Forbes, 1987) . Appropriate temperature corrections to the measured magnetic field components are essential to achieve and sustain high absolute accuracy (say, within several nT) of the vector observations. In this section, temperature dependence of the magnetic field measured using the OHP magnetometer systems is examined. Possible temperature correction filters for each component of the OHP magnetometer system will be presented, and performance of the filters is discussed.
Before installation at remote stations, OHP magnetometers are tested at Kakioka Magnetic Observatory (KMO), Japan Meteorological Agency. Test data of four OHP magnetometers, #2 (now at Kiritimati, Kiribati), #3 (now at Huancayo, Peru), #4 (still at KMO) and #5 (now at Changchun, China) were analyzed with a reference to on site definite (corrected) geomagnetic field data at KMO. Because the locations of the sensors of OHP magnetometers and standard magnetometers of KMO were not the same but about 50 m apart (Fig. 2) , absolute values of the magnetic field are not exactly the same. However, it is expected that the time variations of the "true" magnetic field are regarded as the same within this spatial scale. Therefore, differences of KMO definite field and OHP magnetometer data will be able to isolate the amount of correction for the OHP magnetometer data.
The comparisons of magnetic field components must be made in the coordinate system of the OHP fluxgate magnetometer to examine the temperature dependence of each sensor. KMO definite magnetic field data, which are horizontal intensity, declination, and downward intensity are transformed to the components in fluxgate magnetometer coordinate system, i.e., geomagnetic north-
components. The coordinate transformation was done by assuming the direction of the H x sensor is 7.00 degree westward from geographical north, which is the average declination of KMO data during September to December of 1997. Now, the differences in each sensor direction are written simply as
where
and H KMO i are the magnetic field components measured using OHP magnetometer and those calculated from KMO definite magnetic field, respectively. d H i is the amount of correction for each component of the observed OHP magnetometer data. As shown later, the variation part of d H i is mostly due to the temperature variation of the sensor unit.
Test for each magnetometer was conducted in two stages. Large and relatively short time scale temperature variations are applied to the fluxgate sensors in the first stage. This was accomplished by installing the fluxgate sensors on the ground and open to the air (i.e., uncovered by the soil) so that the temperature of the sensors was almost the same as the outside air temperature. Note that other atmospheric effects such as wind or humidity do not cause variation of fluxgate response; the sensor unit was installed on the base of 1 m deep hole and the sensor is in a closed container. After several days to weeks, the second stage of the experiments were started by burying the sensor unit to insulate from temperature variation as much as possible, as is done at OHP geomagnetic stations. Both stage 1 and 2 data are used to examine temperature dependence of d H i including time scale dependence. Longterm stability of the sensor was also tested for #4: the second stage of the test has been continued for more than a year. See Table 2 for duration of the stages in each test. Figure 3 shows the differences in each component, ) and temperature of the sensor unit T (in • C), taken by using magnetometer #4 during October reduced temperature variation in the second stage compared with that in the first stage. Correspondingly, the amplitudes of variation of d H i 's are reduced by the insulation. This adduces evidence for the former statement that the most part of time variation of d H i is caused by temperature variation of the sensor unit. Large daily variation of d H x , of order 10-15 nT, highly coherent with temperature variation is seen in the first stage (Fig. 3) Designing a general filter which can explain d H i -T relationship for all time-scales may be possible. However, such a filter will surely become complicated requiring many terms (i.e., parameters) so that its application to real data will not be very practical. Test of stage 1 is intended for a correction of temperature variation effects in estimating the inductive response functions of Sq or other long period geomagnetic variations of external origin to study the upper mantle structure. However, we found that it is unnecessary as the temperature change of the time scale can be sufficiently reduced by insulation of soil (see Fig. 3 ). Therefore, practically, it will be sufficient if temperature correction filter can reproduce the characteristics of variations of d H i in stage 2, especially for long time-scales. It turned out that simple correction formula
where a and b are coefficients to be determined by stage 2 data, is sufficient to make temperature corrections with accuracy within a few nano-Teslas as shown below. The coefficients may not be applicable for the stage one data because the characteristic time scales of variations are different for the two stages. The coefficients a (temperature coefficient) and b of (2) for each sensor are determined using the 30-minute average of stage 2 data by a least squares method. The results are summarized in Table 3 . b's are not shown in Table 3 because they correspond to the absolute values (also, they may depend on the soil type or depth of burial) and are only applicable for the test experiment at KMO. Actual b's used for real temperature corrections should be determined by a baselinemeasurements (absolute measurements) after installing the magnetometers at OHP geomagnetic stations.
The temperature coefficients calculated using the stage 1 data of #2 are also shown because the duration of stage 2 for this instrument is short, only a few days, which is not long enough to determine the temperature coefficients accurately.
Overall, fitting with standard deviation of order less than one nT is possible for all the sensors except one, H z component of #5. The temperature coefficients are from almost zero to 2.7 nT/
• C, and necessary temperature correction could amount to 15 nT with temperature variation of about 5
• C, which is typical yearly variation of sensor temperature recorded at Kiritimati and Huancayo (Fig. 6) . Now, we are going to test applicability of the temperature coefficients thus determined. Long-term experiment of OHP magnetometer #4 has been continued at Kakioka for this purpose. d H i 's from Jan. 1 to Dec. 31, 1998 are plotted in Fig. 7 . There are several occasional steps simultaneously in all of the components due to earthquakes near Kakioka. Nevertheless, it was found that no clear changes in temperature coefficients are seen and the gradient is very stable in d H z -T diagram (Fig. 7) . After correcting the steps, standard deviations of d H x and d H y became less than 1 nT. Therefore, no temperature corrections are necessary for the two components. This is compatible with relatively small temperature coefficients for the two components (see Table 3 ). However, it is evident that correction for H z is definitely necessary.
Temperature correction for H z component is done using temperature coefficients listed in Table 3 . Two sets of coefficients, determined using different portion of data, are listed and both are used. The values of b's are indeterminate in general, until absolute measurements are done. In this test example, they were determined by assuming zero misfit on Jan. 1, 1998. Now, the calculated correction formulae are
for filter 1 and
for filter 2. Resulting performance of the correction formulae is shown in Fig. 8 (note that steps are removed). Both filters can reproduce the overall tendency of the behavior of d H z . Especially, filter 1 could predict d H z very well: average of misfit is less than 0.1 nT and standard deviation is 0.9 nT. The misfit of filter 2 is rather large but still tolerable: average is −1.7 nT and standard deviation is 1.9 nT. They will be reduced if temperature variation is smaller, and it actually is at the OHP geomagnetic stations (again, about 5
• C) compared with that during the test measurement (about 20
• C). If the performance of the temperature correction formula is as good as this example, once-a-year absolute measurements (i.e., baseline control) will make the observation with error of order a few nano-Teslas possible. 
Determination of Optimal Site Distribution
The Pacific is one of the regions where the magnetic observatories are very few, i.e., not much information on the magnetic field in the region has been obtained. In the OHP it is planned to establish ten geomagnetic stations in the region.
Adding magnetic field data taken at these stations to geomagnetic field databases will improve global geomagnetic field models, and also the new information will facilitate the understanding of magnetic field distribution and variations in the area. For example, secular variation is believed to be low in the area (see, e.g., Bloxham and Gubbins, 1985) . Magnetic field data from newly added stations will enable us to discuss shorter time-scale scale secular variations (decadal variations), which may not be as low as longer time-scale variations. Also, the data may be able to confirm the existence of the Pacific dipole window (e.g., Merrill et al., 1996) at present. Global geomagnetic field is usually represented by a spherical harmonic expansion of scaler potential V of the magnetic field B, Langel, 1987) . N is number of truncation of degree n of the expansion, and N = 4 is taken in the present case. It is expected that this truncation degree is large enough to represent semi-global features of the geomagnetic field in the Pacific although smaller scale structures cannot be reproduced.
The Gauss coefficients will be calculated by the magnetic field data from the OHP geomagnetic stations together with those from existing permanent geomagnetic observatories in the future. One of the lists of permanent observatories is given in Langel (1987) , together with years of operation. The data from those observatories are expected to be of good quality; the absolute accuracy is of order 10 nT or less and data gaps are minimal. Schultz and Larsen (1987) selected 47 permanent observatories (Table 4 , open circles in Fig. 9 ) which continuously produce good data, and we will take them as the permanent observatory set here. It is evident that there are only few stations in the Pacific and southern hemisphere.
Candidate locations of OHP geomagnetic stations are selected at the locations where some kind of geophysical observation, such as geodetic, geomagnetic or seismological observation, has been or is going to be done. These places fulfill some of the requirements for the OHP magnetic stations: the places are accessible to us and colleagues both physically and politically, and necessary electric power and help by people, who take care of the magnetometer system including data collection, are available. Of course, it is obvious that the new stations should fill the large gaps of the permanent observatories in the Pacific. Twenty-eight locations are selected as the candidate places based on above mentioned requirements, see Table 5 and Fig. 9 .
Baseline controlled data are known to be available in recent years at four of the selected 28 stations (Table 5 , also see gray filled circles in Fig. 9 ) mostly due to the INTERMAGNET's effort, although they are not listed in Table 4 . We will take these stations as semi-permanent station set in this study, and will exclude from the candidate places to install the OHP magnetometers. Five other stations out of the remaining candidate stations are either in plan or in operation. (OHP geomagnetic stations were already established at Ponape (Micronesia), Kiritimati (Christmas) Island (Kiribati) and Changchun (China). See Table 5 , and also black filled circles in Fig. 9 .) An OHP magnetometer was installed at Huancayo, Peru, which is one of the 47 permanent observatories but not publishing magnetic field data for a while. Now, the candidate stations are nineteen, as shown with squares in Fig. 9 , and we will choose four locations from them.
Six candidate station sets were chosen to fill nicely the gaps of the geomagnetic observatories including semi-permanent and planned stations (Table 6 , Fig. 10 ). (Note that we have not tried to choose all the possible combinations of selecting 4 stations out of 19, but examined only 6 specific sets of locations. Therefore, some of the stations listed in the candidate stations are not considered at all further.) Station set f extends to east the most . Other station sets, a, b, c, d , and e all have the station NKH (Nukuhiva, Marquasas Islands) as the eastern-most station.
We are going to seek which distribution of the OHP geomagnetic stations is better to calculate more accurate Gauss coefficients together with the magnetic field data taken at existing observatories. Two simple tests were conducted to examine quantitatively if certain station distribution is suitable to calculate Gauss coefficients or not.
The first test is to compare the expected (predicted) misfit maps of magnetic field components for different station distributions when the magnetic field is expressed with the Gauss coefficients. Estimation of the predicted error is done based on the formulation in Langel (1987) and Langel et al. (1995) . The magnetic field observation equation to be solved to calculate Gauss coefficients may be written aŝ
whereB is a vector composed by observed magnetic field components at the observatories, p is the column vector of Gauss coefficients, A is an operator matrix which depends on the locations where magnetic field observations are made, and e is the vector of measurement errors. Formal least square solution to Eq. (7) may be written aŝ
where W is a diagonal weight matrix based on accuracy of magnetic field observations. Expected error of magnetic field components may be estimated by using the solution covariance matrix,
If the geometric parameter vector for a linear component B i is g i (r), i.e., if B i is written as
estimated error for B i component at position r is Therefore, if a stations distribution and number of truncation N of the spherical harmonic expansion (6) are given, possible errors at any location can be calculated by Eq. (11). Estimated misfits of Z component when N = 4 for several station sets calculated by using Eq. (11) are shown in Fig. 11 . Contour interval is 2 nT. Expected observation error at each station is assumed to be 1 nT, i.e., W in Eq. (9) is taken as the unit matrix. Expected error corresponding to α nT observation error may be calculated just by multiplying α for the predicted error with 1 nT observation error.
With only the permanent station set (47 stations in total) and permanent + semi-permanent station sets (51 stations), there is a large high of misfit, which is about 40-50 nT, in the eastern Pacific (Fig. 11(A) ). Adding only planned stations (56 stations in total) does not improve the expected errors very much: the estimate has misfit of about 20 nT in the eastern Pacific (Fig. 11(B) ). However, if the candidate station sets are included (60 stations in total), the situation is changed drastically. The high in the eastern Pacific is decreased to of order 5 nT for station sets a, b, c, d , and e, and it's of order 2 nT for station set f (Figs. 11(a)-(f) ). Note that the location of highs changes as seen in Fig. 11 if the candidate station sets are different. As a trial, all 75 stations are assumed to be working and distribution of expected misfit is calculated (Fig. 11(C) ). No significant misfit more than 1 nT can be seen in the Pacific (Fig. 11(C) ). In contrast, a high remains in the Indian Ocean where no station is added.
In the second test, Gauss coefficients are actually calculated using artificial magnetic field data at supposed locations on the surface of the Earth. The artificial magnetic field data are calculated from supposed (i.e., known) Gauss coefficients so that direct comparison of the given and calculated Gauss coefficients can be made. To calculate the Gauss coefficients, a stochastic inversion code based on Gubbins and Bloxham (1985) is used. Because actual observations are not errorfree, artificial error may be added to the magnetic field data before the inversion. Proper comparison of the given and calculated Gauss coefficients, p given and p cal , respectively, will indicate which distribution set is more appropriate for the calculation. The comparisons are made referring to rootmean-square fitting error (δ rms ) of Gauss coefficients (Schultz and Zhang (1994) ),
where · is the square norm.
To calculate the Gauss coefficients, we may use a set of two or more linearly independent magnetic field components as the data set such as (X, Y, Z ), (X, Z ), or (F, Z ) components, where X , Y , Z , F are geographical northward, east- ward, vertically downward components, and total intensity, respectively. In the following, we will employ data sets composed by (X, Z ) and (F, Z ) when inverting the artificial data. Using (X, Z ) becomes a simple linear problem although inverting (F, Z ) require a nonlinear approach. It will be shown later that using (X, Z ) has slight advantage to determine the Gauss coefficients over using (F, Z ) when measurement error is the same. However, measurement of F, using proton or other scalar magnetometers, is simpler and absolutely more accurate than measuring and determining horizontal vector components. Therefore, in some cases, using (F, Z ) could be better than using (X, Z ). For the direct calculation, the Gauss coefficients shown in Table 7 (N = 4), of which internal part from IGRF1995 (e.g., Barton et al., 1996) and external part assumed, are used. Random Gaussian errors of 2 nT in standard deviation are added to the artificial magnetic field data to compare the case without measurement errors to see the stability of the calculated Gauss coefficients. For each station set, 30 different error distributions are tried and average of δ rms 's are calculated.
Changes of δ rms by increasing the number of stations both when measurement error is 0 and 2 nT are shown in Fig. 12 . With no error, large improvement, i.e., reduction of δ rms is seen when number of stations is changed from 47 to 60 for both (X, Z ) and (F, Z ) cases. Note that estimated machine accuracy is of order 10 −6 . The δ rms still decreases with increasing the number of stations even when 2 nT error is added. Values of δ rms for candidate station sets with 2 nT errors are listed in Table 8 . The differences may be slight but the δ rms is the smallest for station set f with either (X, Z ) or (F, Z ). The misfit is always smaller when (X, Z ) is used than when (F, Z ) is used due to the accuracy of algorithm employed for the two calculations. The best distributions within the 6 candidate station sets is Fig. 12. δ rms for the Gauss coefficients calculated by (X, Z ) and (F, Z ) with 0 and 2 nT Gaussian errors. δ rms for 60 stations crusterd into to two groups when measurement error is 2 nT either (X, Z ) or (F, Z ) is used for calculations. For both cases, δ rms for station set f is the smallest. δ rms for the other station sets are almost the same (see Table 8 ). f , but again the others are not very different. Summarizing the results, we may conclude that the accuracy is improved by noticeable amount with any of the candidate sets. Therefore, contribution of the OHP geomagnetic network is obvious irrespective of final design of the station distribution. If any other project starts geomagnetic observations at these sites, the station set may be any of the remaining 5 station sets.
Summary and Discussion
This paper described the instrumental design and performance of the magnetometer system used by the Ocean Hemisphere Network Project (OHP), and also discussed expected improvement of the geomagnetic field models when such an observation network is established.
In the earlier sections, it was shown that temperature change of the sensor unit is the major cause of fictitious magnetic field variations obtained by three-component fluxgate magnetometers. Temperature corrections for measured magnetic field components are necessary to sustain the accuracy of the observations. Test observations to study the temperature dependence of the magnetic field components measured by the OHP magnetometers were conducted at KMO before their actual deployments in the Pacific area. Time series analyses of thus obtained experimental data with reference to the site-definite observatory data revealed that the temperature dependence of each sensor unit can be expressed by a simple prediction filter composed of a pair of coefficients. For most of the fluxgate sensors tested, it was found that the obtained coefficients enable the correction of temperature effects with an accuracy of several nT for a typical time interval of 1 year. Such a temperature dependence is supposed to be proportional to the value of the compensation field of each axis (Trigg et al., 1971) . This indicates that each observation will have a long-term accuracy of several nT/yr after installed at each site of different bias value in the Pacific, although the proportionality is not examined for the present magnetometer.
As mentioned in the earlier section, absolute geomagnetic measurements are/will be repeated every year at each OHP geomagnetic site. Each absolute measurement gives absolute values of the baselines, and the observation accuracy at each site depends only on the amount of drift during the interval between the absolute measurements.
It is possible for the present observatory design to keep an overall accuracy of three-components at each site typically less than several nano Teslas and for the worst case about 10 nT. In case of studying geomagnetic variations of decadal time scales, signal amplitude is estimated as about 100 nT for the axial dipole and 30-50 nT for dominant higher terms (Yokoyama and Yukutake, 1991) . With repeated absolute measurements every year, thus, the OHP geomagnetic observatory will be able to dramatically improve the spatial and temporal resolution for detecting decadal geomagnetic variations in the Pacific area.
The good expected performance of the OHP magnetometers is partly due to the instrumental design of the fluxgate magnetometer. Use of gimbals system to mount the fluxgate sensors can remove the effect of basement tilt for a possible baseline drift. Installing the sensor container in the ground reduces temperature variation of the sensor unit. Not only the amplitude of the temperature variation is reduced, the short time scale variation is cut by heat insulation of the soil. This makes three component variation data at shorter periods (< several days) highly accurate, which will improve the resolution of studying the electrical conductivity structure in the mantle.
The same concept may be applied to a design of an ocean bottom geomagnetic observatory. Since ordinary absolute measurement can not be done on the seafloor, both baseline values of 3-components and their drift rates are unknown in this case. One necessary approach is to calibrate the absolute direction of orientation of each axis either by a mechanical gyro system or by a combination of acoustic and optical positioning from the surface ship to the bottom observatory (Chave et al., 1995) . However, observed data will be useless for studies of long-term geomagnetic variations unless the baseline drift is reduced to a tolerable level. Temperature effects may be less important in this case because of the stable condition at the bottom of deep ocean. However, tilting effect will be enormous because of the presence of soft sediment on the seafloor. Use of gimbals is the easiest way to solve this problem. This also has an advantage that the direction of the vertical axis of a magnetometer is accurate. Simple model calculations in the later section showed that addition of observation sites in which combination of H z and F of the geomagnetic field will sufficiently improve the field model quality. The implications obtained in this study greatly reduce the technological difficulties in developing an actually useful seafloor geomagnetic observatory (Toh et al., 1998) .
Six candidate station sets are tested to seek the suitable OHP geomagnetic station distribution for the calculations of Gauss coefficients. It turned out that all station sets examined will be able to provide greatly improved Gauss coefficients. The distribution of the OHP geomagnetic stations are not finalized yet at present. However, the tests in Section 4 will be conducted to confirm that actual distribution of the OHP geomagnetic stations are as good as the candidate station sets discussed in the section.
The Gauss coefficients will be used to discuss global scale geomagnetic field and its variations. An interesting topic is the secular variations in the Pacific, especially in short timescales. Low secular variation compared with the other regions is reported for somewhat longer time-scales and this may be explained by the dynamics of the outer core and interactions between the core and mantle. It would be interesting to compare if the short time-scale variations are as low as that expected form longer time-scale variations. The information will be used to constrain those processes and also the electrical conductivity of the mantle.
